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AMENDMENTS 

In the Claims 

Please cancel claims 2-8, 12 s 42-48, and 52 without prejudice. 
Please amend claims 1, 9, 17 3 34, 41, 49, 57, 74, and 76 as shown herein. 
Claims 1, 9-1 1, 13-41, 49-51, and 53-80 are pending as follows; 

1. (currently amended) A method for use in a wireless 
communication system, the method comprising: 

outputting at least one signal suitable for causing a smart antenna to 
transmit at least one complementary bea m, said at least one signal being 
operativelv configured to cause said smart antenna to perform single beam 
complementary beamforming (SBCBF)j 

causing said smart antenna to transmit said at least one complementary 
beam based on said at least one signal; and 

configuring said at least one signal to cause said smart antenna to perform 
said SBCB'F by transmitting energy at a detectable transmit power level in all 
smart antenna-supported directions while substantially preserving a shape of at 
least one main transmit beam having a transmit power level that is significantly 
greater than said detectable transmit power level said SBCBF being operatively 
performed by said smart antenna that is operatively associated with a base station 
within a wireless communication system, said base station including a Butler 
matrix network configured to form said at least one main beam using said smart 
antenna, and further configured to provide at least one of post-combining SBCBF 
or pre-combining SBCBF . 
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2-8. (canceled) 

9- (currently amended) The method as recited in Claim h 
wh e r e in A method for use in a wireless communication system, the method 
comprising: 

outputting at least one signal suitable for causing a smart antenna to 
transmit at least one complementary beam, said at least one signal is being 
Operatively configured to cause said smart antenna to perform subspace 
complementary beamforming fSCBF K and said at least one signal including N-K 
data streams operatively configured to cause said smart antenna to transmit energy 
in at least one side lobe . 



10. (original) The method as recited in Claim 9, further comprising; 
determining said at least one signal by selectively modifying a weight 
matrix to operatively support said SCBF. 
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11- (original) The method as recited in Claim 9, further comprising: 
determining said at least one signal by selectively expanding a size of a 
weight matrix to operatively support said SCBF. 

12. (canceled) 
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13. (original) The method as recited in Claim 9, further comprising: 
determining said at least one signal by using a Downlink Beamforming 

Matrix: W = UAV H . 

14. (original) The method as recited in Claim 9, further comprising: 
determining said at least one signal by using a Steering Matrix: 

A = [a(G y ) a(0 2 ) ■ - ■ a(0 K )] , wherein a (0 k ) represents a steering vector of user k. 

15. (original) The method as recited in Claim 14, wherein: 

if W = A*B, where B is a non-singular K-by-K matrix, then using a 
complementary beamforming matrix of 



wherein C 0 = Nc 0 is the level of the main lobe, k 0 is the scaling factor and 
ii, is the /-th column vector of U , 

otherwise using a complementary beamforming matrix of 

w^^Kfa ^ ... » n k ] 

wherein % is the /-th left singular vector of the matrix 

( N \ 

I X"/"/ 7/ UA c = UaF" > and A* =UAV H is assumed, and in scattering 
channel H* = VAV" is assumed. 
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16. (original) The method as recited in Claim 15, wherein it is 
assumed that 2K<N % 

and wherein r is rank of W Q . 



17. (currently amended) Th e m e thod as re&ited in Claim 1, 
wh e r e in A method for use in a wireless communication system, the method 
comprising: 

outouttine at least one signal suitable for causing a smart antenna to 
transmit at least one complementary beam, said at least one signal is being 
operatively configured to cause said smart antenna to perform complementary 
superposition beamforming (CSBF). 

18. (original) The method as recited in Claim 1 7, further comprising: 
determining said at least one signal by using a downlink beamforming 

matrix: W = [w l • • ■ w k _ } w k w krl • w K ] , where w k = p 0 w k + W c p and p is 



complex conjugate transpose of the /-th row of W\ p 0 = 
complex conjugate of the /-th element of w k . 



is normalized 



19. (original) The method as recited in Claim 18, wherein W c is 
associated with subspace complementary beamforming (SCBF). 
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20. (original) The method as recited in Claim 1 7, further comprising; 
determining said at least one signal by using W = [iv, h> 2 • - • 

21. (original) The method as recited in Claim 17, further comprising: 
determining said at least one signal by using a null-generation technique 

that is configured to generate L nulls at angles 0 |s 0 27 —,0, at a beam. 

22* (original) The method as recited in Claim 17, further comprising: 
determining said at least one signal by using A = [aft) a(0 2 ) a(0 L )] . 

23. (original) The method as recited in Claim 17, further comprising: 
determining said at least one signal by projecting w onto orthogonal 

complement subspace of column space A* . 

24. (original) The method as recited in Claim 1 7, further comprising: 
determining said at least one signal by using a vector: w = (/- P s )w where 

P s =A*(a t A'Ya ! \ and in scattering channel P s =H*(h t H*) x H t - 

25. (original) The method as recited in Claim 17, further comprising: 
determining said at least one signal by using a null-widening technique that 

is configured to produce at least one null at a vicinity of selected angles. 
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26. (original) The method as recited in Claim 1 7, further comprising; 
determining said at least one signal by selectively modifying a steering 
matrix to: A = [a(9 { ) a(& 2 ) — a(9 K j\ 

wherein a(0 k ) = [a(0 k -A$ t ) a(0 k ) a{G k +A0 r )], 
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27, (original) The method as recited in Claim 1 7, further comprising: 
determining said at least one signal by establishing at least two nulls such 

that a rank of A is less than N. 

28. (original) The method as recited in Claim 17, further comprising: 
determining said at least one signal by using adaptive control of a 

complementary beam level, 

29- (original) The method as recited in Claim 1 7, further comprising: 
determining said at least one signal by, in a non-zero angular channel, 
selectively reducing a complementary beam level. 

30. (original) The method as recited in Claim 17, further comprising: 
determining said at least one signal by, for delay spread channels, 
selectively reducing a complementary beam level. 

3L (original) The method as recited in Claim 17, further comprising: 
determining said at least one signal by, in free space, selectively increasing 
the complementary beam level. 
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32. (original) The method as recited in Claim 1, wherein outputting 
said at least one signal suitable for causing said smart antenna to transmit at least 
one complementary beam further includes: 

using a zero- forcing beamformer to output said at least one signal. 

33. (original) The method as recited in Claim 1 ? wherein outputting 
said at least one signal suitable for causing said smart antenna to transmit at least 
one complementary beam further includes: 

using a maximum SINR beamformer to output said at least one signal. 
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34. (currently amended) Th e method as r e citod in Claim 1, 
wh e r e in outputting s aid at l e ast on e signal suitabl e for cau s ing - s a id smart antenna 
to transmit at l e ast ono compl e mentary b e am further includ e s; 

A method for use in a wireless communication system, the method 
comprising: 

outputting at least one signal suitable for causing a smart antenna to 
transmit at least one complementary beam, wherein said outputting includes 
selectively constructing a plurality of matrices Zu Zu . . •> Zu where L is a length of 
a downlink transmission period, such that said plurality of matrices satisfy at least 
one property selected from a group of properties comprising: 

(a) for all \< i<L , a matrix Z/ is a k x m matrix whose rows are in a set 
{0, ±U 0 " ,±U? ±17^)1 

(b) if L is even, then, Zi - -Z u Z> = - Z 3 , . . ., Z L ~ - Z L .\ ; 

(c) if L is odd, then Z 2 = -Z ); Z 4 = - Z 3 , Z L ,\ = - Zi.z, Z L = 0; and 

(d) each element +f/ 0 " , -£/ 0 " , +£/," , -£/," , . . -rf/^., , -t/£ M appear p 

times in a list of Lk rows of Z\, Z\, ...,Z L for some positive integer p. 

35, (original) The method as recited in Claim 34, wherein rows of 
Z 2j _, are, respectively, U?_ m and where i@j denote (/ + j) 
mod (m-k) for / = 1, 2, 3, . [L /2] and wherein Z 2j =-Z 2/ _, . 
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36. (original) The method as recited in Claim 34, further comprising: 
using as a beamforming matrix: 

where s>0 is a fixed positive number. 

37. (original) The method as recited in Claim 36, wherein said 
complementary beam is configured to cause a loss of at most 101og ]0 (l+Jsj 3 ) in a 
received signal for an intended recipient. r 

38. (original) The method as recited in Claim 36, wherein said 
complementary beam is configured to direct a portion: 

m 

of a resulting transmitted power to another recipient whose spatial signature 
is B={b„b l9 „. y b m ) . 

39. (original) The method as recited in Claim 1, wherein outputting 
said at least one signal suitable for causing said smart antenna to transmit at least 
one complementary beam further includes: 

outputting said signal based on at least a complementary beamforming 
matrix at time t given by: 



S-^(A"A)- , A«^T r ((A"Aj') + j !C Z,] 
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40. (original) The method as recited in Claim 1, wherein outputting 
said at least one signal suitable for causing said smart antenna to transmit at least 

one complementary beam further includes: 

outputting said signal based on at least matrices 7*,/*,...,^ having rows, 
respectively, U% y U? ,.^U"_ k and wherein a fixed beamforming matrix is given by: 
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41. (currently amended) An apparatus for use in a wireless 
communication system, the apparatus comprising: 

a smart antenna operativelv coupled to receive at least one signal and 
configured to transmit at least one complementary beam based on said at least one 
signal; and 

circuitry configured to output said at least one signal suitable for causing 
[[a]] die smart antenna to transmit said at least one complementary bea m, said at 
least one signal being oncrativelv config ured to cause said smart antenna to 
perform single beam complementary beamforming (SBCBP^ said at least one 
signal being configured by said circuitry to cause said smart antenna to perform 
said SBCBF by transmitting energy at a detectable transmit power level in all 
smart antenna-supported directions while substantially preserving a shape of at 
least one main transmit beam having a transmit power level that is significantly 
greater than said detectable transmit power level, said smart antenna being 
operativelv associated with a base station within the wireless communication 
system, said base station including at least a portion of said circuitry which 
includes a Butler matrix network configured to form said at least one main beam 
using said smart antenna, and said Butler matrix network being configured to 
provide at least one of post-combining SBCBF or pre-combining SBCBF . 

42-48. (canceled) 
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49. (currently amended) Th e apparatus as recit e d in Claim -44? 
wherein An apparatus for use in a wireless communication system * the apparatus 
comprising: 

circuitry configured to output at least one signal suitable for causing a smart 
antenna to transmit at least one complementary beam, said at least one signal » 
being operatiyely configured to cause said smart antenna to perform subspace 
complementary beamforming fSCBF ^ and said at least one sign al including N-K 
data streams operatively configured to cause said smart antenna to transmit energy 
in at least one side lobe . 

50. (original) The apparatus as recited in Claim 49, wherein said 
circuitry is configured to determine said at least one signal by selectively 
modifying a weight matrix to operatively support said SCBR 

51. (original) The apparatus as recited in Claim 49, wherein said 
circuitry is configured to determine said at least one signal by selectively 
expanding a size of a weight matrix to operatively support said SCBF. 

52. (canceled) 

53. (original) The apparatus as recited in Claim 49, wherein said 
circuitry is configured to determine said at least one signal by using a Downlink 
Beamforming Matrix: W = UAV H . 
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54. (original) The apparatus as recited in Claim 49, wherein said 
circuitry is configured to determine said at least one signal by using a Steering 
Matrix: A = [a(0 x ) a(0 2 ) »• a(0 K j\, wherein a(0 k ) represents a steering vector 
of user k. 

55* (original) The apparatus as recited in Claim 54, wherein; 
if W = A*B 9 where B is a non-singular K-by~K matrix, then said circuitry is 
configured to use a complementary beamforming matrix of 



wherein C 0 = Nc 0 is the level of the main lobe 9 k 0 is the scaling factor and 
u t is the /-th column vector of U > 

otherwise said circuitry is configured to use a complementary beamforming 
matrix of 



wherein u, is the /-th Jeft singular vector of the matrix 
Yfi,u? \UA C = UAV H , and A* =UAV" is assumed, and in scattering 



l—K I 



channel = UAV H is assumed. 
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56, (original) The apparatus as recited in Claim 55, wherein said 
circuitry is configured such that 2K<N, 

and wherein r is rank of fPl . 



57. (currently amended) Th e apparatus as - F e oit e d in Claim 4 1, 
wher e in An apparatus for use in a wireless communication system, the apparatus 
comprising: 

circuitry configured to output at least one signal suitable for causing a smart 
antenna to transmit at least one complementary beam, said circuitry is being 
configured such that said at least one signal causes said smart antenna to perform 
complementary superposition beamforming (CSBF). 

58. (original) The apparatus as recited in Claim 57, wherein said 
circuitry is configured to determine said at least one signal by using a downlink 



beamforming matrix: 



W = [w x 



•1, 



where 



= p 0 w k + W c p and p is complex conjugate transpose of the /-th row of W\ 



p 0 as kJ is normalized complex conjugate of the /-th element of w k . 



kj 



59. (original) The apparatus as recited in Claim 58, wherein W is 
associated with subspace complementary beamforming (SCBF). 
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60. (original) The apparatus as recited in Claim 57, wherein said 
circuitry is configured to determine said at least one signal by using 
W = [h> x w 2 ... w K W c p\ 

61. (original) The apparatus as recited in Claim 57, wherein said 
circuitry i$ configured to determine said at least one signal by using a 
null-generation technique that is configured to generate L nulls at angles 
O X9 0 2 s~ 9 8 L at a beam. 

62. (original) The apparatus as recited in Claim 57, wherein said 
circuitry is configured to determine said at least one signal by using 
A = [a(ff x ) a[0 2 ) - *<*,.)]. 

63. (original) The apparatus as recited in Claim 57, wherein said 
circuitry is configured to determine said at least one signal by projecting w onto 
orthogonal complement subspace of column space A* . 

64. (original) The apparatus as recited in Claim 57, wherein said 
circuitry is configured to determine said at least one signal by using a vector; 
w = (l-P s )w where P s =A*(A T A*yA r , and in scattering channel 
Ps=H*(H T H') x H T . 
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65. (original) The apparatus as recited in Claim 57, wherein said 
circuitry is configured to determine said at least one signal by using a 
null-widening technique that is configured to produce at least one null at a vicinity 
of selected angles. 

66. (original) The apparatus as recited in Claim 57, wherein said 
circuitry is configured to determine said at least one signal by selectively 
modifying a steering matrix to: 

A = [a{0 x ) a(0 2 ) - a(* r )] 
wherein a(0 k ) = [a(0 k - A0,) a(0 k ) a(0 k + A0,)] . 

67. (original) The apparatus as recited in Claim 57, wherein said 
circuitry is configured to determine said at least one signal by establishing at least 
two nulls such that a rank of A is less than N. 

68. (original) The apparatus as recited in Claim 57, wherein said 
circuitry is configured to determine said at least one signal by using adaptive 
control of a complementary beam level. 

69. (original) The apparatus as recited in Claim 57, wherein said 
circuitry is configured to determine said at least one signal by, in a non-zero 
angular channel, selectively reducing a complementary beam level. 
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70. (original) The apparatus as recited in Claim 57, wherein said 
circuitry is configured to determine said at least one signal by, for delay spread 
channels, selectively reducing a complementary beam level. 

71. (original) The apparatus as recited in Claim 57 5 wherein said 
circuitry is configured to determine said at least one signal by, in free space, 
selectively increasing the complementary beam level. 

72. (original) The apparatus as recited in Claim 41, wherein said 
circuitry employs a zero- forcing beamformer to output said at least one signal. 

73. (original) The apparatus as recited in Claim 41, wherein said 
circuitry employs a maximum SINR beamformer to output said at least one signal. 
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74. (currently amended) Th e apparatus as r e cit e d in Claim 41, 
wherein An apparatus for use in a wireless communication system, the apparatus 
comprising: 

circuitry configured to output at least one signal suitable for causing a smart 
antenna to transmit at least one complementary beam, said circuitry is being 
configured to construct a plurality of matrices Z\ 7 Z\, , Z^ 7 where L is a length of 
a downlink transmission period, such that said plurality of matrices satisfy at least 
one property selected from a group of properties comprising: 

(a) for all l^iZl , a matrix Z; is a k x m matrix whose rows are in a set 

(b) if L is even, then, Z 2 - -Z 1? Z 4 = - Z3, . . Zt = - Z w ; 

(c) if L is odd, then Z 2 = -Z b Z 4 = - Z 3 > . . Z LA = - Z £ . 2 , Z L = 0; and 

(d) each element +t/ 0 ", -C/ 0 ", -Iff, +C/^. M appear/? 

times in a list of I* rows of Z u Z u ...,Z L for some positive integer p. 

75. (original) The apparatus as recited in Claim 74, wherein rows of 
Z 2M are, respectively, C/£ 1S , and where i®j denote (/ + j ) 
mod (/??-£) for i = 1, 2, 3, . . [L 12] and wherein Z 2 ,=-Z 2M . 

76. (currently amended) The apparatus as recited in Claim 74 34, 
wherein said circuitry is configurted configured to construct a beamforming 
matrix: 



where e>0 is a fixed positive number. 



19 



MNI-004USM02 



PAGE 21/26 ' RCVD AT 1 11412005 5:14:23 PM [Eastern Standard Time] * SVR:USPT0-ff XRF-6/35 ' DNIS:2738300 * CSID: 1 5093238979 * DURATION (mm-ss):05-52 



NOU 04 2005 14:20 FR 00 



15093238979 TO 15712738300 P. 22/26 



2 
3 

4 

5 
6 
7 
8 
9 
10 
II 
12 
13 
M 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 



77. (original) The apparatus as recited in Claim 76, wherein said 
complementary beam is configured to cause a loss of at most 101og 10 (l+j<?| 2 ) in a 
received signal for an intended recipient, 

78. (original) The apparatus as recited in Claim 76, wherein said 
complementary beam is configured to direct a portion: 

1ft 

of a resulting transmitted power to another recipient whose spatial signature 
is A-ft,^,....*,) - 

79. (original) The apparatus as recited in Claim 41, wherein said 
circuitry is configured to output said signal based on at least a complementary 
beamforming matrix at time t given by: 



80* (original) The apparatus as recited in Claim 41, wherein said 
circuitry is configured to output said signal based on at least matrices P<>*P x ,...,P m - k 
having rows, respectively, U" 7 U{* and wherein a fixed beamforming 
matrix that is used is given by: 
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